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Materials and Methods
Dry reagent strip. A 10 X 7 mm strip of filter paper, made of synthetic fibers and with a coated layer of reagents, was attached on one end of a thin 40 x 7 mm plastic plate, as test strips for urinalysis usually are. The plastic supporting plate had a hole 4mm in diameter so that the reagent layer was visible from the reverse side.
The coated layer of each strip contained 3.65 U of lactate oxidase (EC number not yet decided) from Pediococcus sp. Reflectometer.
The principles of measurement were as previously described (5). The Glutest (Kyoto Daiichi Kagaku, Kyoto, Japan) was altered for use with the dry reagent strip, and the absorbance at 560 nm was measured.
Procedure. About 20 uL of whole blood was dropped onto the ifiter paper of the test strip, on the reverse side from the reagent layer, so that serum (plasma) filtered through the ifiter paper. The filter paper was designed to decrease the effect of variations in blood-drop volume and to trap the colored constituents of whole blood, which may cause colorimetric interference.
The reaction principles are shown in Figure 1 . The concentration of lactate in the sample is stoichiometrically related to the intensity of the color that develops (measured by reflectometry through the hole as described above) by 60 s after applying the blood sample. The concentration of lactate is calculated from the readings of the refiectometer, calibrated with a standard material before analysis.
Comparison method. For a comparison method, we measured the lactate concentrations in blood samples with a kit (Determiner LA; Kyowa Medex) based on the same reaction principles except that the color develops in the presence of N-ethyl-N-(3-methylphenyl)-N'-acetyl ethylenediamine. Absorbance was measured at 415/550 nm with a clinical chemical analyzer (Abbott VP; Abbott Laboratories, Chicago, IL).
Subjects. Blood samples were obtained from 32 healthy volunteers before starting exercise, at the end of exercise, and 10 mm after stopping exercise. The subjects exercised by running on a treadmill, and the workload was increased gradually until the subjects reached exhaustion.
Immedi-
ately after blood sampling, we assayed the concentrations of lactate by the test-strip method; another portion of the blood sample was treated with perchloric acid and assayed by the comparison method.
Results

Precision.
The precision was evaluated by assaying 10 times blood samples with lactate in the range of 1.3 to 6.6 mmoIJL. During this procedure, sodium fluoride was added (1 g/L) to inhibit lactate production; this concentration had no effect on the assay procedure and was enough to inhibit increases of blood lactate for 3 h. Heparin was used as an anticoagulant. Table 1 summarizes the precision of the assay.
Effect of reaction time. Figure 2 shows the lactate concentrations of two samples assayed by the test-strip with use of different reaction times. The lactate concentration increased for the first 60s, then stayed almost the same for as long as 5 mm.
Effect of temperature. The blood lactate concentrations were measured by this method at various temperatures (Figure 3) . Results for blood assayed at 20 and 25#{176}C were similar, and were higher than those measured at 10, 30, or 35#{176}C.
Effect of hematocrit. We compared the lactate concentrations in samples with different hematocrit values (Figure  4) . The samples were prepared by separating plasma and erythrocytes in the presence of heparin and sodium fluoride, then remixing them to give samples with the desired hematocrit. In one sample with a high concentration of lactate, the concentrations were similar at different hematocrits except when the hematocrit was highest (55%). In the sample with less lactate, the concentrations measured were not much affected by differences in hematocrit.
Comparison method. We collected 88 blood samples from healthy subjects before and after exercise. 
Discussion
Lactate concentration is a biochemical indicator of the severity of acute circulatory failure, and the measurement of blood lactate gives information for diagnosis and estimation of a prognosis in affected patients (6, 7) . Recently, the metabolic role of lactate during exercise has attracted much attention (8, 9). When muscle work exceeds the anaerobic threshold, anaerobic glycolysis increases, increasing the lactate concentration in blood. However, measurement of lactate concentrations in blood has been difficult because of the instability of lactate after blood collection and the need for expensive instruments for this measurement. Our test-strip method provides precise measurements of blood lactate for use in both clinical medicine and sports medicine.
The new technique is simple and rapid, with a short reaction time, and blood with a lactate concentration as high as 11.1 mmolJL can be measured without dilution. The sample volume needed is about 20 .tL of whole blood, and the measurement takes 60 s. Correlation between the lactate concentrations measured by our strip method and by the comparison method was high. The lactate concentrations assayed at either low or high temperatures were somewhat lower than those measured at ordinary room temperature, but this can be corrected by using a microprocessor-assisted refiectometer, either preprogrammed or simultaneously monitored by a thermosensor. The results obtained for samples with different hematocrits showed that our system was useful not only for whole blood but also for plasma samples. However, lactate concentrations in the samples with a high hematocrit were low, perhaps because of slow diffusion into the reagent layer. The refiectometer used is small, the same size as the glucose monitoring devices commonly used in clinics. These characteristics of the system make the measurement of lactate possible at the bedside, in the laboratory, and even outdoors. In addition, the use of a lancet for sampling makes it possible for coaches or athletes to measure blood lactate concentrations without the help of a doctor or nurse. This is especially convenient if the lactate concentration is to be used to estimate the metabolic state during physical exercise.
In conclusion, our test-strip assay system is a reliable method for measuring lactate concentrations in whole blood, and is particularly appropriate for those facilities where rapid results are desirable or where no analytical equipment is available.
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